1. Exchangeable potassium, sulphate space and intracellular fluid have been determined in eight normal males and in seven uraemic male patients on a regime of twice weekly 8 h dialysis.
following reasons: (1) creatinine production is difficult to measure in anuric patients; (2) values of lean body mass are derived from total body water, thus implying the absence of water retention, which cannot be assumed in chronic renal patients; (3) the anaemia of uraemia precludes the use of erythrocyte mass as a reference standard in this condition.
In this study these problems were approached by (a) examining several correlates of exchangeable potassium and @) comparing uraemic patients with normal subjects of the same sex (males) and similar age distribution. In both groups exchangeable K+ correlated better with intracellular water calculated from total water and sulphate space than with any other parameter. A 20% K+ depletion was detected in uraemic patients dialysed against a bath containing 0-1 mmol of K+/1.
MATERIALS A N D METHODS
Eight normal male subjects and seven male patients with end-stage chronic renal failure that were on maintenance haemodialysis were studied. The details of the investigation were fully explained to the patients and normal subjects who volunteered to take part in this study. Six of the seven patients had chronic glomerulonephritis. In four associated conditions were (1) anephric transplant rejection, (2) Lawrence-Moon-Biedl syndrome, (3) dissecting aneurysm and hypertension, (4) malignant hypertension. The seventh had chronic pyelonephritis and transplant rejection. Normal subjects were technicians and members of medical staff. They were all healthy and free of renal disease as evidenced by normal blood urea, creatinine clearance and urinary sediment. Patients were on twice weekly, 8 h coil dialysis. The values were measured in seven patients and are meansf SD and the range is given in parentheses.
Two patients were newly on the dialysis programme and had been treated with dialysis only two and five times, respectively, before the estimation of their exchangeable K+ , whereas the other five patients had been maintained with dialysis for 1-17 months before the study. Five patients were dialysed with a potassium-free dialysis fluid, including the two new patients. In the remaining two patients the dialysis bath contained 1 mmol of K+/l. The patients had no detectable oedema and were on a diet containing approx. 40 mmol K+/day. None of the patients was on ion-exchange resin therapy at any time. Plasma concentrations of urea, creatinine and electrolytes, before and after dialysis, are summarized in Table 1 . In both groups ' H radioactivity remained constant from 1 to 3 h after injection. The stable values of plasma "S and ' H radioactivity were used for calculation of sulphate space and total body water. When plasma sulphate radioactivity decayed exponentially, the log of sulphate counts was plotted against time; the intercept at zero time of the straight part of the curve was taken as the equilibrium value in plasma and used for calculation of sulphate space. The sizes of the spaces (ml) were calculated from the equation Lean body mass was derived from the equation: total body water106732 (Pace & Rathbun, 1945) . K+ in erythrocytes was measured by the method of Villamil, Rettori, Simpson & Kleeman (1970) .
The significance of differences between normal and uraemic groups was tested by Student's t test. Correlations between different values in each group were analysed in correlation matrix on an IBM 360/50 256 Kb-computer. (Table 2) Exchangeable K+ in normal subjects did not correlate with body weight (Fig. 2) , plasma K', 35SO:-space or lean body mass; correlation with the latter was slightly below significance levels (r = 0.60) (Fig. 3) . In this group exchangeable K + was negatively correlated with age (P< 0.025) but the best correlation was found between exchangeable K+ and intracellular water (P<O-Ol) (Fig. 4) . As expected, an excellent correlation was found between lean body mass and intracellular water (P < 0401). These two parameters were also correlated with age (P<0*05). Uraemic patients (Table 3) In these patients exchangeable K+ correlated with body weight (P<0.05) (Fig. 2) and lean body mass (P<0-05) (Fig. 3) but the best correlation was with intracellular water (P<OOol) (Fig. 4) . Exchangeable K+ did not correlate with age, plasma K" or '%O:-space.
RESULTS

Normal subjects
Some other interesting correlations were found in this group. Plasma potassium was negatively correlated with 3'SO:-space (P<O.Ol) (Fig. 5 ) and with age (P<0*025) and 35SO$-space was positively correlated with age (P< 0.01). (Table 4) Mean values, standard deviation and range of age were very similar in both groups. The mean weight was higher in the normal group but, because of the wide range of values, difference between the groups was not statistically significant. In both groups the coefficient of variation for exchangeable K+ was lower when intracellular water was used as a reference standard (1 1.0 and 7.4%) than when body weight (16-3 and 17.0%) or lean body mass (18.2 and 16.7%) were used.
Direrences between normal and uraemic groups
Exchangeable K+ was significantly lower in the uraemic group, irrespective of the parameter used as a reference standard. However, higher degrees of significance were obtained when values were expressed either in absolute terms (P<0.005) or in mmol/l of intracellular water (P<0.005) than when they were expressed per kg body wt. (P<O.O2) or per kg lean body mass (P<0.02). The degree of depletion (approx. 20%) was independent of the duration of treatment. Two patients who had been treated by dialysis only two and five times were depleted to the same extent as the rest of the group. At 24 h after dialysis, plasma and erythrocyte K+ of uraemic patients were not significantly different from normal subjects; Pco, and plasma HCO; were low in the uraemic group (30*8+ 1.5 mmHg and 20.0f 1.8 mmol/l) but arterial pH was normal (7.42f0.01).
DISCUSSION
In the group of eight normal subjects age rather than weight was closely correlated with cell mass as expressed by exchangeable K+, lean body mass (derived from total body water) or intracellular water ( (Table 3 ) than in the normal group can be explained by the lower and less-variable fat content in the latter group. The following evidence supports the view that intracellular water is the best reference point for exchangeable K+ in normal and uraemic groups: (1) in both groups exchangeable K+ correlated better with intracellular water than with any other parameter; (2) differences in exchangeable K+ between normal and uraemic groups were more significant when values were expressed as intracellular K+ concentration ( Table 4) . The choice of 35SO:-rather than 82Br-for the estimation of extracellular space was based on the fact that, being a divalent anion, sulphate is more thoroughly excluded from the intracellular space. Therefore, it needs no correction for erythrocyte penetration and is less apt to penetrate cells when these are depolarized. This is convenient in the uraemic patients since a decrease in membrane potential of striated muscle fibres may occur in uraemia (Bolte, Riecke & Rohl, 1964) probably as a non-specific reaction to severe illness (Cunningham, Carter, Rector & Seldin, 1971) . Sulphate space is usually derived from a single blood sample taken at 30 min because complete equilibration in extracellular fluid and negligible renal excretion was assumedto havetakenplaceatthistime (Walser et ul., 1953) . In normal subjects values obtained by this procedure are good approximations because, due to the slope of the slow part of the curve, 30-min values agree fairly well with the intercepts at zero time. However, a decrease in the slope will result in an under-estimation of the space. This possibility has been reported in surgical patients (Cleland, Pluth, Tame & Kirklin, 1966; Roth, Lax & Maloney, 1969) and can clearly be seen by inspecting the curve of uraemic patients in whom stable plasma values were obtained. This curve also shows that: (a) contrary to previous reports (Walser et al., 1953) disappearance of sulphate from extracellular fluid during the first 3 h can be accounted for wholly by renal excretion; (b) at least 1 h is necessary for complete equilibration of sulphate in the extracellular fluid. This finding agrees with more recent results (Kragelund & Dyrbye, 1967) .
Lack of correlation between plasma and exchangeable K+ has been reported in uraemic patients under maintenance haemodialysis (Hughes, Williams & Smith, 1967; Johny ei al., 1970; Seedat, 1969) and in patients with other chronic diseases (Flear, Cooke & Quinton, 1967) . It is possible that the characteristics of K+ depletion in humans vary according to the duration of depletion (Flear et ul., 1967) , mechanism of production and associated changes (protein depletion, etc.). In preliminary studies (P. Henney, J. Maloney & M. F. Villamil, unpublished work) we have found that K+ depletion of short duration in dogs is followed by a pronounced decrease in plasma K+ with little change in muscle K+.
In uraemic patients, plasma K+ correlated well with extracellular volume (Table 3) . Apparently, with increasing duration of the disease, there is a small tendency in these patients to extracellular expansion. It is difficult to conceive that this can produce dilution hypokalaemia since extracellular K+ is in equilibrium with cellular stores. It is possible that in K+ depletion, the volume of extracellular fluid is a critical factor in determining time of equilibration between extracellular and cellular K+ after each dialysis.
According to our results (Table 4) , erythrocyte K+ does not reflect the state of cellular stores in uraemic patients under chronic haemodialysis. This conclusion contrasts with previous findings (Johny et al., 1970) which showed that a decrease in erythrocyte K+ correlated well with a decrease in total body K+ during haemodialysis. It is very likely that serial determinations of erythrocyte K+ are useful for detecting changes in total body K+. However, a single determination of erythrocyte K+ may be meaningless in K+ depletion of uraemic patients for the following reasons: (1) the normal range of erythrocyte K+ is so wide [73-103 mmol/kg fresh wt. in one study (Villamil et al., 197011 that much K+ must be lost from the cells before subnormal values are reached; (2) because of a shortened life span, erythrocyte population is younger in uraemic patients (Joske, McAlister 8c Prankerd, 1956) . Young erythrocytes have a higher K+ content (Joyce, 1958; Keitel, Berman, Jones & Machchlan, 1955) which should mask depletion.
The potassium depletion of the uraemic group was 17% when expressed as concentration in intracellular water, but 32% in absolute amount. The possibility that it was partly due to K + loss during previous dialysis should be considered. The 42K was given to the patients at the end of the 8 h dialysis but the measurements were made 24 h later. Even if faecal K+ losses are neglected and if it is assumed that the whole amount of K+ (80 mmol) ingested during the 2 subsequent days were retained, differences in exchangeable K+ before and after each dialysis should be less than 4%.
The incidence of K+ depletion found in other studies of uraemic patients under chronic haemodialysis is variable. Table 5 summarizes our own results, and those of other authors. It is difficult to draw a definite conclusion from this information because of its incompleteness. However, it seems beyond doubt that a K+ concentration in the dialysis bath of 1-5 mmol/l and a liberal intake of K + will prevent K+ depletion in these patients. Conversely, a restricted oral intake coupled with a K+ concentration in the dialysis bath from 0 to 1 mmol/l seems to produce K+ depletion in at least half of the cases. The situation is less clear when oral intake is unrestricted and K+ concentration in the dialysis fluid ranges between 0 and 1 mmol/l. Apparently, K+ depletion may develop in 50% of the cases when K+ is omitted from the dialysis bath and the duration of dialysis is increased to 36 h/week (Johnson et al., 1969) . Conversely, frequent dialysis with 1 mmol of K+/1 in the dialysis bath coupled with a liberal protein intake apparently restores K + balance in uraemic patients (Ram & Chisholm, 1969) . Though there is no information in this latter study concerning the oral K+ intake, it was probably unrestricted. It is possible that in some patients K+ depletion occurred before dialysis and was not corrected. Potassium depletion has been reported in some or most uraemic nondialysed patients (Bittar, Watt, Pateras & Parish, 1962; Moore, Olesen, McMurrey, Parker, Ball & Boyden, 1963; Villamil, Yeyati, Rubianes & Taquini, 1963; Ram & Chisholm, 1969; Graham, Lawson & Linton, 1970) . Two patients of our group who were dialysed only two and five times had a K+ depletion of the same degree as the others.
In conclusion, it may be advisable not to restrict oral K+ intake in uraemic patients under maintenance haemodialysis and not to keep K+ concentration in the dialysis bath below 1 mmol/l. Should hyperkalaemia become a problem between dialyses, it is probably better to treat it by increasing the weekly hours of dialysis treatment rather than by restricting the K+ content of the diet and/or decreasing the K+ concentration in the dialysis bath.
